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PROPSHAFT ASSEMBLY WITH DAMPER 

FIELD OF THE INVENTION 
[0001] The present invention generally relates to vibration 
attenuation in vehicle drivelines and more particularly to an improved 
configuration for a vibration-attenuating propshaft insert and a method for its 
construction. 

BACKGROUND OF THE INVENTION 

[0002] Propshafts are commonly employed for transmitting power 
from a rotational power source, such as the output shaft of a vehicle 
transmission, to a rotatably driven mechanism, such as a differential assembly. 
As is well known in the art, propshafts tend to transmit vibration while transferring 
rotary power. When the propshaft is excited at a harmonic frequency, vibration 
and noise may be amplified, creating noise and transmitting vibration that is 
undesirable to passengers riding in the vehicle. Thus, it is desirable and 
advantageous to attenuate vibrations within the propshaft in order to reduce 
noise within the vehicle passenger compartment. 

[0003] Various devices have been employed to attenuate the 
propagation of noise from propshafts including inserts that are made from 
cardboard, foam, or resilient materials, such as rubber. The inserts that are 
typically used for a given propshaft are generally identical in their configuration 
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(i.e., construction, size, mass and density) and are installed in the propshaft prior 
to the propshaft being installed in the vehicle. Integration of the propshaft 
assembly in this manner is advantageous in that it greatly simplifies the 
installation of the propshaft. Despite the various advantages, several drawbacks 
remain. 

[0004] One such drawback is the susceptibility of current propshaft 
assemblies to the environment in which they are installed. More specifically, 
changing temperature and humidity levels cause a propshaft insert to swell or 
shrink. A loose propshaft insert poses myriad problems during installation. It is 
therefore, desirable to provide an improved propshaft insert that is able to 
withstand the changes in the environment in which it is installed. 

[0005] Another such drawback is the necessary deformation of the 
propshaft insert when it is inserted into a propshaft. More specifically, the typical 
insert may need to be deformed to be inserted into the propshaft. The 
deformation of the propshaft insert may cause a reduction in its diameter. After 
installation, the insert may not return to its predetermined diameter, which that 
otherwise ensures a tight fit within the propshaft. It is desirable, therefore, to 
provide the propshaft insert with an improved configuration to ensure proper 
installation. 
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SUMMARY OF THE INVENTION 

[0006] A propshaft assembly that includes a shaft structure with a 
hollow cavity and an insert member disposed within the hollow cavity and engages 
the shaft structure. The insert member includes a first slot extending axially a first 
distance from a front end and a second slot extending axially a second distance 
from a rear end. The first slot is spaced apart radially from said second slot. 

[0007] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiments of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Additional advantages and features of the present invention 
will become apparent from the subsequent description and the appended Claims, 
taken in conjunction with the accompanying drawings, wherein: 

[0009] Figure 1 is a schematic illustration of an exemplary vehicle 
constructed in accordance with the teachings of the present invention; 

[0010] Figure 2 is a top partially cut-away view of a portion of the 
vehicle of Figure 1 illustrating the rear axle and the propshaft in greater detail; 

[0011] Figure 3 is a sectional view of a portion of the rear axle and 
the propshaft; 
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[0012] Figure 4 is a top, partially cut away view of the propshaft 
showing an insert member of the present invention; 

[001 3] Figure 5 is a perspective view of the insert member of Figure 

4 showing a first slot and a second slot; 

[0014] Figure 6 is a perspective view of the insert member of Figure 

5 showing a front end and rear end in a deformed condition; and 

[001 5] Figure 7 is a perspective of a prior art insert member. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] With reference to Figure 1 of the drawings, a vehicle having 
a propshaft assembly that is constructed in accordance with the teachings of the 
present invention is generally indicated by reference numeral 10. The vehicle 10 
includes a driveline 12, which is drivable via a connection to a power train 14. 
The power train 14 includes an engine 16 and a transmission 18. The driveline 
12 includes a propshaft assembly 20, a rear axle 22 and a plurality of wheels 24. 
The engine 16 is mounted in an in-line or longitudinal orientation along the axis of 
the vehicle 10 and its output is selectively coupled via a conventional clutch to 
the input of the transmission 18 to transmit rotary power (i.e., drive torque) 
therebetween. The input of the transmission 18 is commonly aligned with the 
output of the engine 16 for rotation about a rotary axis. The transmission 18 also 
includes an output 18a and a gear reduction unit. The gear reduction unit is 
operable for coupling the transmission input to the transmission output at a 
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predetermined gear speed ratio. The propshaft assembly 20 is coupled for 
rotation with the output 18a of the transmission 18. Drive torque is transmitted 
through the propshaft assembly 20 to the rear axle 22 where it is selectively 
apportioned in a predetermined manner to the left and right rear wheels 24a and 
24b, respectively. 

[0017] With additional reference to Figures 2 and 3, the rear axle 22 
is shown to include a differential assembly 30, a left axle shaft assembly 32, and 
a right axle shaft assembly 34. The differential assembly 30 includes a housing 
40, a differential unit 42 and an input shaft assembly 44. The housing 40 
supports the differential unit 42 for rotation about a first axis 46 and further 
supports the input shaft assembly 44 for rotation about a second axis 48 that is 
perpendicular to the first axis 46. 

[0018] The housing 40 is initially formed in a suitable casting or 
stamping process and thereafter machined as required. The housing includes a 
wall member 50 that defines a central cavity 52 having a left axle aperture 54, a 
right axle aperture 56, and an input shaft aperture 58. The differential unit 42 is 
disposed within the central cavity 52 of the housing 40 and includes a case 70, a 
ring gear 72 that is fixed for rotation with the case 70, and a gearset 74 that is 
disposed within the case 70. The gearset 74 includes first and second side 
gears 82 and 86 and a plurality of differential pinions 88, which are rotatably 
supported on pinion shafts 90 that are mounted to the case 70. The case 70 
includes a pair of trunnions 92 and 96 and a gear cavity 98. A pair of bearing 
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assemblies 102 and 106 are shown to support the trunnions 92 and 96, 
respectively, for rotation about the first axis 46. The left and right axle 
assemblies 32 and 34 extend through the left and right axle apertures 54 and 56, 
respectively, where they are coupled for rotation about the first axis 46 with the 
first and second side gears 82 and 86, respectively. The case 70 is operable for 
supporting the plurality of differential pinions 88 for rotation within the gear cavity 
98 about one or more axes that are perpendicular to the first axis 46. The first 
and second side gears 82 and 86 each include a plurality of teeth 108 which 
meshingly engage teeth 110 that are formed on the differential pinions 88. 

[0019] The input shaft assembly 44 extends through the input shaft 
aperture 58 where it is supported in the housing 40 for rotation about the second 
axis 48. The input shaft assembly 44 includes an input shaft 120, a pinion gear 
122 having a plurality of pinion teeth 124 that meshingly engage the teeth 126 
that are formed on the ring gear 72, and a pair of bearing assemblies 128 and 
130 which cooperate with the housing 40 to rotatably support the input shaft 120. 
The input shaft assembly 44 is coupled for rotation with the propshaft assembly 
20 and is operable for transmitting drive torque to the differential unit 42. 

[0020] The left and right axle shaft assemblies 32 and 34 include an 
axle tube 150 that is fixed to the associated axle aperture 54 and 56, 
respectively, and an axle half-shaft 1 52 that is supported for rotation in the axle 
tube 150 about the first axis 46. Each of the axle half-shafts 152 includes an 
externally splined portion 154 that meshingly engages a mating internally splined 
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portion (not specifically shown) that is formed into the first and second side gears 
82 and 86, respectively. 

[0021] With additional reference to Figure 4, the propshaft 
assembly 20 is shown to include a shaft structure 200, first and second trunnion 
caps 202a and 202b, first and second spiders 206a and 206b, a yoke assembly 
210 and a yoke flange 210. The first and second trunnion caps 202a and 202b, 
the first and second spider 206a and 206b, the yoke assembly 210 and the yoke 
flange 210 are conventional in their construction and operation and as such, 
need not be discussed in detail. Briefly, the first and second trunnion caps 202a 
and 202b are fixedly coupled to the opposite ends of the shaft structure 200, 
typically via a weld. Each of the first and second spiders 206a and 206b is 
coupled to an associated one of the first and second trunnion caps 202a and 
202b and to an associated one of the yoke assembly 210 and the yoke flange 
210. The yoke assembly, first spider 206a, and first trunnion cap 202a 
collectively form a first universal joint 212, while the yoke flange 210, second 
spider 206b and second trunnion cap 202b collectively form a second universal 
joint 214. 

[0022] The shaft structure 200 is illustrated to be generally 
cylindrical, having a hollow central cavity 220 and a longitudinal axis 222. The 
shaft structure 200 is preferably formed from a welded seamless material, such 
as aluminum (e.g., 6061-T6 conforming to ASTM B-210) or steel. The propshaft 
assembly 20 and other items in an exemplary vehicle drivetrain are discussed in 
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greater detail in commonly assigned copending United States Patent Application 
Serial Number 10/097,701, titled Foam Lined Propshaft, which was filed on 
March 13, 2002 and is hereby incorporated by reference in its entirety as if fully 
set forth herein. 

[0023] With reference to Figures 4 and 5 one or more insert 
members 250 may be inserted into the shaft structure 200 to attenuate vibration 
that is produced during transmission of rotary power by the propshaft assembly 
20. In the particular example provided, a single insert member 250 is employed. 
The insert member 250 is a tubular structure having a shape that is generally 
complimentary to the inside surface of the shaft structure 200. In the 
embodiment illustrated, the insert member 250 is configured as a cylindrical tube 
with a generally circular cross-section. The insert member 250 is further 
configured with two or more slots. 

[0024] In the example provided, a front end 254 of the insert 
member 250 includes a first slot 252 formed therethrough, while a rear end 258 
includes a second slot 256 formed therethrough. The insert member 250 is 
additionally configured such that the first slot 252 and the second slot 256 are not 
as long as the length 260 of the insert member but longer than half the length 
260 of the insert member. To that end, the first slot 252 and the second slot 256 
extend beyond the axial midpoint 262 (shown in a broken line) of the insert 
member 250. It follows, therefore, that the first slot 252 and the second slot 256 
overlap and, as such, the insert member 250 can be said to have a staggered 
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slot configuration. 

[0025] With reference to Figures 5 and 6, the first slot 252 and the 
second slot 256 are spaced apart by a gap distance 264. The gap distance 264 
dimension is configured to allow the front end 254 and the read end 258 to 
slightly deform when the insert member 250 is inserted into the shaft structure 
200 (Figure 4). It should be appreciated that the gap distance 264 or the gap 
dimension may be a radial distance such as the radial distance between two 
radial lines drawn from the centerline of the insert member 250. Moreover, the 
gap distance 264 or gap dimension may also be a distance, such as the distance 
between two longitudinal or axial lines drawn parallel to the centerline of the 
insert member 250. 

[0026] As such, the front end 254 and the rear end 258 in a 
deformed condition are generally indicated in Figure 6 by reference numerals 
272 and 274, respectively. While the front end 254 and the rear end 258 may 
deform, the insert member 250 returns to generally its original shape after is has 
been inserted into the shaft structure 200. The ability to deform (Figure 6) and 
return to the undeformed state (Figure 5) allows for the insert member 250 to be 
more easily installed and, moreover, maintain its tight fit within the shaft structure 
200 (Figure 4). 

[0027] When compared to the prior art implementation of a 
c-shaped insert 300, shown in Figure 7, the insert member 250 of Figures 5 and 
6 is more resilient to the forces applied to it during installation into the shaft 
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structure 200 (Figure 4). It should be appreciated that the inserts for the 
propshaft assembly 20 (Figure 4) are typical designed with an interference fit, so 
that deformation is required to install the insert into the propshaft assembly. The 
c-shaped insert 300, therefore, requires a deformation that results in a width 302 
of a channel 304 being reduced in size, which results in the diameter 306 being 
reduced in size. The reduction of the diameter 306 thus allows the c-shaped 
insert 300 to be installed into a shaft structure similar to the shaft structure 200, 
which is illustrated in Figure 4. 

[0028] The c-shaped insert 300, however, may not return to its 
original size after deformation, which may result in a loose fit. Furthermore, 
deforming the c-shaped insert 300 may render it inoperable. The configuration of 
the present invention that is illustrated in Figures 4 and 5, therefore, permits the 
necessary deformation of the front end 254 and the rear end 258, as shown in 
Figure 6, which allows for easier installation of the insert member 250 but also 
maintains the requisite dimensions to ensure a tight fit within the shaft structure 
200. 

[0029] With reference to Figures 4 and 5, the gap distance 264, a 
first slot length 266, and a second slot length 268 may be further configured to 
provide the insert member 250 with resiliency to the environment in which it is 
installed. More specifically, changing temperature and humidity levels may 
cause the insert member to swell or shrink or otherwise change dimensions. The 
prior art c-shaped insert 300 of Figure 7 may shrink to the point where the fit 
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within the shaft structure is no longer tight due to the full length channel 304. 
The insert member 250 of Figures 4 and 5, however, may also shrink or swell in 
response to the changes in the environment but maintains a tight fit within the 
shaft structure 200. More specifically, the configuration of a bridging member 
270 and the gap distance 264 between the first slot 252 and the second slot 256 
provides improved resiliency, which permits member 250 to maintain a tight fit 
within the shaft structure 200 (Figure 4). 

[0030] In accordance with another aspect of the present invention, 
the dimensions of the insert member may be determined as a function of the 
dimensions of the shaft structure 200. To that end, the dimensions of the insert 
member 250, the first slot 252, the second slot 256, and the gap distance 264 
can vary considerably with the various sizes of propshaft assemblies 20 
available. As such, the dimensions need only be sized to maintain the resiliency 
of the insert member 250 during installation and while it is installed in the shaft 
structure 200. To that end, one such set of exemplary dimensions may be 
calculated by basing the first slot length 266, the second slot length 268, and the 
gap distance 264 on the length 260 of the insert member 250. More specifically, 
the first slot length 266 and the second slot length 268 are about five-eighths 
(5/8) of the length 260 of the insert member 250. Or put another way, the length 
260 is about equal to 1 .6 times the first slot length 266 and the second slot length 
268. For example, if the length 260 of the insert member is about eight inches 
(about 203 mm), the first slot length 266 and the second slot length 268 would be 
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about five inches (about 127 mm). It should be appreciated that adherence to 
the exact ratio is not necessary to maintain operability of the invention, but only 
implementation of the staggered slot configuration. 

[0031] As mentioned above, the gap distance 264 may be based on 
the length 260 of the insert member 250. More specifically, the gap distance 264 
may be sized to be about five percent (5%) of the length 260 of the insert 
member 250. Put another way, the length 260 of the insert member 250 is about 
equal to about twenty (20) times the gap distance 264. Using the example 
above, the insert member 250 that is about eight inches (about 203 mm) long 
would have about four-tenths of an inch (about 10 mm) gap distance. 
Accordingly, the first slot length 266 and the second slot length 268 would be 
about five inches (about 127 mm). As stated earlier, it should be appreciated 
that adherence to the exact ratio is not necessary to maintain operability of the 
invention, but only implementation of the staggered slot configuration. 

[0032] The insert member 250 may be fabricated from various 
materials that are able to withstand the regime into which it will be installed. One 
such exemplary material is a high density cardboard. The insert member 250 
may be purchased as a pre-fabricated cardboard tube or assembled from a 
cardboard ribbon and glued together. One such exemplary cardboard ribbon or 
pre-assembled cardboard tube may be purchased from Caraustar, Inc. (Saginaw, 
Ml and other locations). One such exemplary cardboard ribbon may be about 
four inch (about 101 mm) wide paper ribbon, which may be fabricated into a 
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suitable insert member. It should be appreciated, nevertheless, that the insert 
member 250 may constructed of various materials; as such, the present 
invention need not be fabricated from cardboard to maintain operability. 

[0033] The insert member 250 may be constructed by various 
methods. Production costs and ultimately unit cost may drive production method 
choices; however, a certain type of production is not needed to maintain 
operability of the present invention. One exemplary fabrication method may be 
milling the slots of insert or even hand-cutting the slots. Other such exemplary 
higher production methods may be a process by which a modified conventional 
die cuts the first slot 252 and the second slot 256. It should be appreciated that 
many processes exists to fabricate the present invention. It should be further 
appreciated that portions of the insert member 250 are depicted with square cut 
corners and the slots cut parallel to the centerline of the insert member. 
Accordingly, the insert member 250 may be constructed with round corners and 
the slots cut parallel to a radial line of the insert member. It should, therefore, be 
appreciated that many methods exists to fabricate the present invention and the 
depicted construction does not serve to limit the invention. 

[0034] While the invention has been described in the specification 
and illustrated in the drawings with reference to a preferred embodiment, it will be 
understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the 
scope of the invention as defined in the Claims. In addition, many modifications 
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may be made to adapt a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. It is, therefore, 
intended that the invention not be limited to the particular embodiments illustrated 
by the drawings and described in the specification as the best mode presently 
contemplated for carrying out this invention, but that the invention will include any 
embodiments falling within the foregoing description and the appended Claims. 
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